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Title of the Invention ; Method for Preparing Sub-stoichiometric or 
Stoichiometric Nitrate Solution 

[CLAIMS] 

1. A method for preparing a sub-stoichiometric or stoichiometric 
nitrate solution, comprising providing as a startingmaterial a solution 
or solids of a stoichiometric metal salt of nitric acid wherein a ratio 
of a concentration of the. nitric acid to a concentration of the metal, 
which will be called "nitric acid concentration ratio" hereinafter, 
is equal to a valence number of the metal or a cationic complex thereof, 
which will be called "metal-containing cationic valence number" 
hereinafter, optionally including liberated nitric acid; heating the 
solutionor the solids, the startingmaterial, in an air stream including 
water vapor, in order to obtain a sub-stoichiometric or stoichiometric 
nitrate solution wherein the nitric acid concentration ratio is smaller 
than the metal-containing cationic valence number; capturing released 
nitric acid in an alkaline solution of a known amount; terminating 
the reaction when an intended amount of nitric acid is released. 

2. The method according to claim 1, wherein the heating is carried 
out at a temperature of 190 °C or lower. 

3. A method according to claim 1, further comprising adding water 
to the heated material after the termination of the heating while the 
heated material is being kept at a temperature from 80 to 99 ''C to dissolve 
all the solids in the water.' 

4. The method according to claim 1, wherein the nitric acid 
concentration ratio is from 75 to 100% of the metal-containing cationic 
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valence number. 

5. The method according to claim 1, wherein the metal is at least 
one nuclear fuel substance selected from the group consisting of uranium, 
thorium, and transuranic elements. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Technical Field] 

The present invention relates to a method for preparing a 
sub-stoichiometric or stoichiometric nitrate solution of a nuclear 
fuel substance or the like, which is used as a starting material for 
preparing fine spherical ceramic particles such as ceramic nuclear 
fuel particles for nuclear rectors. 

[0002] 

[Background Art] 

When a sub-stoichiometric nitrate solution of a nuclear fuel 
metal such as uranium, which is a starting material solution, isprepared 
in a process of producing nuclear fuel gel particles by the sol-gel 
method that is commonly employed in the field of ceramic nuclear fuel 
particles for nuclear rectors, a conventional typical method of the 
preparation is comprised of dissolving a metal oxide powder in nitric 
acid or a stoichiometric metal nitrate solution, or adding an organic 
reducing agent to a stoichiometric nitrate solution to decompose the 
nitric acid and remove it. 

[0003] 

[Problems to be Solved by the Invention] 

The objective of the present invention is to provide a method 
for preparing the intended starting material solution which includes 
neither the step of handling fine powder of a nuclear fuel oxide, a 
radioactive substance, which step is inevitable but may expose workers 
to radiation, nor the dangerous step of adding an organic reducing 
agent to a nitrate solution, which is an oxidizing agent, to decompose 
the nitric acid and remove it. 
[0004] 

[Means to Solve the Problems] 

As a result of intensive study by the inventors of the present 
application, they employ the following means to solve the aforementioned 

problems . 
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[0005] 

Firstly, the efficiency of removing nitric acid is increased 
by a heating in an atmosphere including water vapor. Also, the main 
component of the released gas is in the form of a nitric acid, rather 
than NOx, whichmakes it possible to automatically and accurately control 
the termination of the key reaction of removing nitric acid. 
Specifically, in such an apparatus as the one shown in Figure 1, carrier 
gas 1 is introduced into water 3 that is heated by a heater 2 so that 
the carrier gas includes water vapor. The carrier gas including water 
vapor is sent through a heat-insulating furnace 4 to a nitrate-containing 
vessel 6 that is heated by a heater 5 and introduced into the vessel. 
Then, released nitric acid, together with the carrier gas, is allowed 
to pass through a first cooler 7 through which a coolant does not flow, 
and then to pass through a second cooler 8 with a coolant flowing through 
it. Then the nitric acid and the carrier gas are introduced into an 
alkaline solution 9 to capture nitric acid. The initial amount of the 
alkali is equivalent to the amount of the nitric acid to be released- 
The apparatus employs a recording adjuster 11, connected to a pH meter 
10, to continuously monitor the pH value of this alkaline solution. 
Once the recording adjuster detects a signal indicating a rapid change 
in the pH value due to the termination of the neutralizing reaction 
between the released nitric acid and the alkali, the adjuster stops 
heating by the heater 5, and simultaneously operates an electronic 
switching valve 13 to allow a coolant 12 to flow through the first 
cooler 7 in order to cease discharging the released nitric acid to 
the outside of the system. 
[0008] 

[Working Example 1] 

An oil bath was employed as a heater for a sample, or a uranyl 
nitrate solution, fed to the apparatus shown in Figure 1. Argon gas 
was blown into water of 95 °C contained in a water vapor producer at 
a flow rate of 50 mL/min- so as to form bubbles. A mixture of water 
vapor and argon gas thus obtained was supplied to the sample , The amount 
of the released nitric acid was measured while a sodium carbonate 
solution for capturing the released nitric acid was sometimes exchanged 
for a new one, and the change with time in the molar ratio of NOa" to 
0 in the sample was observed. The sample before being subjected to 
the reaction was 60 mL of a uranyl nitrate solution including liberated 
nitric acid with a molar ratio of NO3" to 0 of 2.0 and a uranium content 
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of 2.00 mol/L. 
[0009] 

After 80 minutes from the beginning of the heating in the oil 
bath whose temperature was set to 160 ''C^ t|he temperature of the sample 
reached 110 ""C^ and the release of nitric acid began. After 430 minutes 
heating, the molar ratio of .NO3" to U reached 1.86, The value of the 
ratio calculated from the captured nitric acid was 1.83, which was 
considered to be the same as the measured value with an acceptable 
error. The temperature of the sample was kept at 147 "^C after a lapse 
of 289 minutes. Values of the molar ratiio of NO3' to U, calculated 
from the temperature of the sample and the amount of captured nitric 
acid, are plotted on a graph with a lapse of time from the beginning 
of the heating as abscissa in Figure 2. For the purpose of comparison. 
Figure 2 also shows curves obtained from values of the molar ratio 
when only argon gas was supplied. 
[0010] 

[Working Example 2] 

Variations with time in the molar rjatio of mo^^/U were examined 
with the same method as in Working Example it, except that the temperature 
of the oil bath was set to igS^'C. After 20;6 minutes heating, the molar 
ratio of NO3" to U reached 1.63. The value of the ratio calculated 
from the captured nitric acid was 1.65, .which was considered to be 
the same as the measured value with an cicceptable error • The temperature 
of the sample was kept at ISO^C after a lapse of 130 minutes. Values 
of the molar ratio of NO3" to U, calculated from the temperature of 
the sample and the amount of captured nitric acid, are plotted on a 
graph with a lapse of time from the beginning of the heating as abscissa 
in Figure 3- For the purpose? of comparison. Figure 3 also shows curves 
obtained from values of the molar ratio when only argon gas was supplied. 

[0011] 

[Working Example 3] 

An experiment was carried out using the same sample as a starting 
material under the same heating conditions as those in Working Example 
2. The target value of the molar ratio of NOs^/U was 1.55. In more 
detail, sodium carbonate, in an amount equivalent to the amount of 
nitric acid which would be released untilj the value of NOs'/U reached 
1 . 55, was included in an alkaline solution for capturing released nitric 
acid. The recording adjuster was programmed to output a signal which 
orders the heater 5 to switch off and the- electronic switching valve 
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13 to supply a coolant to the first cooler 7 when the pH value of the 

alkaline solution reaches 4. 

[0012] 

The temperature of the sample was kept at 184 after a lapse 
of 160 minutes. After 252 minutes heating^ the molar ratio of NO3" 
to U fell below the target value. A manually operated valve 14 was 
opened, which supplied a predetermined amount of water from a water 
container 15 to the vessel in which the sample is placed when the 
temperature of the sample decreased to 80 ""C after the termination of 
the heating. The vessel was finally heated to 95 "C, so that all the 
solids therein would be dissolved. The resultant sample solution had 
a molar ratio of NOa'/U of 1-67, which was considered to be the same 
as the target value with an acceptable error. 
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